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Exercise left ventriculography has been shown to be a
sensitive and specific tool for the detection of coronary
artery disease. At the present time, such studies require
radionuclide-based methods. Computer-based tech-
niques recently have been shown to provide high reso-
lution images of the left ventricle when the levophase of
an intravenous injection of radiopaque contrast medium
is imaged with fluoroscopy. To evaluate the possible ef-
ficacyof using "intravenous digital subtraction left ven-
triculograms" in exercise ventriculography, such ven-
triculograms were performed at rest and during maximal
supine bicycle exercise in 31 patients. Studies that could
be analyzed were obtained in 29 patients.
In 21 patients with coronary artery disease, ejection
fraction was 58% at rest and 45% with exercise (p <
0.001 vs. rest). In contrast, in seven patients with no
coronary artery disease, ejection fraction was 65% at
rest and 69% with exercise (difference not significant).
In a subgroup of 8 patients with "severe" coronary
The response of global and regional left ventricular function
during exercise is a sensitive and specific indicator of the
presence of hemodynamically important coronary artery dis-
ease (1-3) . Moreover, the magnitude of exercise-induced
depre ssion of left ventricular ejection fraction during ex-
ercise in patients with coronary artery disease is related to
the anatomic severity of disease (4-6) and, on the basis of
preliminary data, to long-term prognosis (7).
At present, exercise ventriculography is performed pri-
marily by radionuclide-based techniques. Although gener-
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obstruction, the change in ejection fraction from rest to
exercise was -18%, while in the remaining 13 patients
with less severe disease, it was - 9% (p < 0.001). All
patients with coronary artery disease manifested new or
worsening segmental wall abnormality with exercise,
compared with two of seven patients without coronary
disease (p < 0.0l).
Sixteen patients underwent rest and exercise radio-
nuclide cineangiography in addition to digital subtrac-
tion angiography. There was a strong correlation be-
tween the two techniques for ejection fraction at rest
(r = 0.78, P < 0.001), ejection fraction with exercise
(r = 0.83, p < 0.001) and change in ejection fraction
from rest to exercise (r = 0.88, p < 0.00l).
It is concluded that exercise ventriculography utiliz-
ing intravenous digital subtraction angiography is fea-
sible and provides information comparable with that
available from radionuclide cineangiography.
ally accurate and well suited for outpatient procedures, cur-
rently available radionuclide techniques provide relatively
poor spat ial resolution when compared with that of contrast
ventriculography (8,9). Moreover, the need to employ spe-
cialized imaging equipment as well as radioisotopes during
radionuclide cineangiography results in particular logistic
difficultie s and radiation safety considerations when such
procedures are performed during cardiac catheterization,
when functional assessment of the severity of ischemia oth-
erwise might be most relevant and convenient to obtain .
Recently developed techniques involving digitization of
the photon density of fluoroscop ic images have been shown
to provide high resolution left ventriculograms after intra-
venous bolus injection of contra st medium (10-12 ). We
have recently demon strated that such " intravenous digit al
subtraction left ventricular angiograms ' can provide vol-
umetric, regional and global systolic functional information
virtually indistinguishable from that obtained with standard
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left ventricular contrast angiography (12). Because a single
intravenous digital angiogram requires placementonly of a
central venous catheter through which radiopaque contrast
medium can be administered , the method may be applicable
to outpatient studies as a potential alternative to radio-
nuclide-based methods, althoughthe need for administration
of a total dose of 60 cc of contrast medium through the
cathetermakesthedigital approachinherentlymoreinvasive
than the radionuclide approach. To assess the feasibility of
intravenous digital subtraction angiography duringexercise,
wehave undertaken todeterminethe accuracyof this method
compared with a radionuclide angiographic standard.
Methods
Study patients. Thirty-one adult patients. 22 men and
9 women more than 42 years of age, underwent intrave-
nous digital subtraction left ventriculography both at rest
and at maximal supine bicycle exercise. Thirty of these
patients were referred to our laboratory for left heart cath-
eterization and coronary angiography for evaluation of known
or suspected fixed coronary artery occlusive disease. One
patient was referred for confirmation of a previously per-
formed radionuclide cineangiogram at rest and during ex-
ercise. No patient characteristics were employed for selec-
tion of patients for study, except that those with an unstable
clinical course. preexisting renal dysfunction or diabetes
mellitus were excluded. Patient size and ejection fraction
at rest were not selection criteria.
All patients who consented to study are included in this
series. Two patients manifested 50% or greater reduction
in luminal diameter of the left main coronary artery. 12
patients had such stenoses in each of the three major arterial
systems. 4 had similarly severe stenoses in two of the major
systems and 2 had isolated 50% or greater stenosis of the
left anterior descending artery. Of the seven patients with
normal coronary arteries. six had no evidence of left ven-
tricular systolic or diastolic dysfunction by hemodynamic
or angiographic studies at rest, while one patient had evi-
dence of mild global left ventricular systolic dysfunction
evident at rest.
Study protocol. Patients underwent exercise ventricu-
lography after informed consent had been obtained. This
study was performed after approval by the Committee on
Human Rights in Research of the Cornell University Med-
ical College.
Catheterization was performed at least 8 hours after the
last food intake. under sodium pentobarbital sedation (50
to 100 mg intramuscularly), and with local lidocaine anes-
thesia. No nitrate vasodilators were administered within 6
hours of catheterization and no other vasodilating agents
were administered for at least 12 hours before catheteriza-
tion. Although at our institution administration of all car-
dioactive medications routinely is stopped the day before
catheterization in clinically stable patients, two patients were
receiving a long-acting beta-blockingpreparation(nadolol),
the effect of which might be expected to be minimally pres-
ent at the time of catheterization.
Digital subtraction angiography. The theory and
methodology of digital subtraction angiography have been
described previously (10-13). In brief, to obtain the digital
subtraction angiogram, the area of interest is imaged during
fluoroscopy, formingan imageon the image intensifier. This
image is converted into an analog electrical signal by a
television camera. The analog output from the television
camera is presented to a microprocessor (Cardiac 1000,
American-Edwards Laboratories) and the analog signal is
digitized to permit computer processing. The digitized for-
mat involves the division of the image into a 512 x 512
pixel (picture element) matrix. The brightnessof each pixel
is proportional to the number of photons incident on the
image intensifier, so that quantification of the brightness
permits determination of regional photon density. The
brightness at each pixel is recorded and stored digitally in
the microprocessor memory. This analog to digital (A to
D) conversion is performed at a rate of 30 frames/so An
initial set of 16 frames is averaged. stored in memory and
used to define the background radiation transmitted through
the patientbefore contrast injection. The background image
is termed a mask. Fluoroscopy is repeated after contrast
administration, resulting images are digitized as before and
the mask is subtracted on a pixel by pixel basis from the
new image. This technique results in subtraction or marked
attenuation of all stationary structures in the chest and the
relative enhancement of the image of the contrast medium
within the field of view. The processed digital image is then
converted back to analog signal (D to A) for viewing on a
standard television monitor.
Digital subtraction left ventriculography. In this study.
digital subtraction left ventriculograms were obtained in the
anterposterior position after insertion of either a Berman
angiographic. Gensini or high flow angiographic catheter
into the venoussystem. In the initial 21 studies, the catheter
was positioned in the inferior vena cava (9 studies) or su-
perior vena cava (12 studies). In the last 10 studies. the
catheter was positioned in the right atrium. Catheter entry
was through the right brachial vein (20 studies) or the right
femoral vein (II studies). Ventriculograms were obtained
after injection of 30 cc of Renografin-76 layered with 20 cc
of sterile 0.9% saline solution injected at a rate of 20 to 30
ce/s. Because saline solutionand the more dense Renografin
are immiscible. when the mixture is injected in the usual
manner with the injector syringe nozzle pointed downward,
the contrast agent arrives in the vein first as a bolus. Flu-
oroscopic energies for the first 28 studies were 1 to 3 mA,
at 70 to 120 kVP. Because of modifications in our digital
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technique for other purposes, fluoroscopic energies for the
last three studies were 10 to 30 mA at 70 to 120 kYP .
At the initiation of the procedure, an intravenous digital
subtraction angiogram at rest was obtained. To minimize
obscuration of the heart by the diaphragm and diaphragmatic
movement, the patients were instructed to inspire fully be-
fore injection of the contrast medium. When possible, pa-
tients were asked to maintain full inspiration until comple-
tion of the levophase (approximately 15 seconds). In patients
who were unable to comply with this request, expiration
was allowed after right ventricular opacification and a sec-
ond maximal inspiration was undertaken at the onset of left
ventricular opacification to permit reregistration of mask and
contrast pixels .
Exercise studies. After completion of the intravenous
digital subtraction angiogram at rest, blood pressure and
heart rate were allowed to return to baseline . The patient
then underwent maximal supine bicycle exercise, using a
protocol identical with that used in our radionuclide cine-
angiography laboratory. Blood pressure was recorded every
2 minutes and the patients were under continuous electro-
cardiographic monitoring. Exercise began at a 25 watt load
that was increased by 25 watt increments at 2 minute in-
tervals. The patients were asked to exercise to the point of
fatigue, typical angina, shortness of breath or the presence
of 0.2 mY or greater ST segment depression. At the point
of maximal exercise, patients were instructed to inspire fully.
The chest was imaged by fluoroscopy and a 16 frame mask
was again obtained while exercise continued. After the mask
was obtained, 30 to 35 cc of Renografin-76 was again in-
jected and the patient was instructed to resume normal
breathing. The bolus of contrast medium was followed through
the pulmonary circulation and the patient was then instructed
to inspire fully when it was seen to be entering the left
ventricle. The patient maintained the full inspiration for
approximately 3 to 4 seconds, during which time several
cardiac cycles were imaged. Patients then resumed normal
breathing and stopped exercising.
Analysis of ventriculograms. Left ventriculograms at
rest and during maximal exercise were assessed in an iden-
tical manner. A representative cardiac cycle was identified .
Left ventricular end-diastolic and end-systolic silhouettes
were outlined and the volumes were computed according to
the Sandler-Dodge formula (14). Ejection fraction (EF) was
calculated from the volumes (EF = [end-diastolic volume
- end-systolic volume] /end-diastolic volume) . Left ven-
tricular segmental function was assessed visually and was
semiquantified on a four point scale (normal, hypokinetic,
akinetic and dyskinetic) for each of three segments (anterior,
apical and inferior) . Though the quantitative results of this
analysis were not employed in this study, worsening by one
grade or greater in any segment during exercise as compared
with rest was considered evidence of exercise-induced re-
gional dysfunction. Digital angiograms were analyzed in a
blinded fashion by a single investigator, who was unaware
of results of both the radionuclide and coronary angiograms.
Previous radionuclide cineangiography. Sixteen of the
patients had prior radionuclide cineangiography at rest and
with maximal, symptom-limited supine bicycle exercise be-
fore cardiac catheterization (range = I to 280 days, average
= 42 days before catheterization; the interval between stud-
ies was less than 45 days in 14 patients) . No patient had a
myocardial infarction or change in anginal pattern between
radionuclide and digital intravenous study. The radionuclide
cineangiograms were analyzed by investigators unaware of
the results of both digital subtraction and coronary angio-
graphic studies.
Coronary angiography. Selective coronary angiogra-
phy was performed in 30 of 31 patients (the exception being
the patient referred for confirmation of radionuclide angi-
ography) after completion of exercise digital subtraction
angiography , when the heart rate and blood pressure had
returned to baseline; the Judkins technique was used . Coro-
nary stenoses were graded on the basis of luminal diameter
narrowing , comparing the stenotic region with the nearest
more proximal region that appeared smooth-walled and
normal.
Statistical analysis. The unpaired Student's t test was
used to compare the magnitude of change in ejection fraction
from rest to exercise in various subgroups. The chi-square
test (with Yates' correction) was used to compare frequency
of wall motion abnormality between groups with and with-
out coronary artery disease. A least-square correlation was
used to compare ejection fraction at rest and with exercise
and the change in ejection fraction from rest to exercise
obtained by intravenous digital subtraction cineangiography
and the similar variables obtained by radionuclide cinean-
giography .
Results
Intravenous digital subtraction angiograms of diagnostic
quality were obtained in all 31 patients at rest but in only
29 patients during exercise . The two exercise failures were
in the early phase of our studies, when the appropriate timing
of the second inspiration during exercise had not been de-
termined precisely. In the 29 patients with evaluable studies,
left ventricular ejection fraction at rest varied from 31 to
86%; 28 of the 29 patients had coronary arteriograms .
Left Ventricular Response to Exercise
Ejection fraction. In the seven patients with normal
coronary arteries, mean ejection fraction was 65% at rest
and 69% with exercise (mean change from rest to exercise
+ 4%) (Fig . 1). Ejection fraction increased 5% or more
during exercise in five patients and decreased in two, one
with a clinically apparent cardiomyopathy and subnormal
ejection fraction at rest and one with a very high (86%)
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ejection fraction at rest, in whomthe exercise-induced change
was small.
The mean ejection fraction in the 21 patients with an-
giographically documentedcoronary arterydisease was 58%
at rest and 45% with exercise (probability [p] < 0.001 vs.
rest; mean change from rest to exercise - 13%, P < 0.001
vs. patients with normal coronary arteries) (Fig. 1). Among
the 21 patients with coronary artery disease, 7 had historic,
electrocardiographic or angiographic (rest akinesia) evi-
dence of prior myocardialinfarction. In these sevenpatients,
the mean ejection fraction was 46% at rest and 37% with
exercise (p < 0.005 vs. rest; mean change in ejection frac-
tion from rest to exercise - 9%). In the remaining 14 pa-
tients with coronary artery disease and without prior myo-
cardial infarction, mean ejection fraction was 63% at rest
(difference not significant [NS] vs. patients with infarction)
and 48% during maximal exercise (p < 0.005 vs. rest);
thus. the mean change in ejection fraction from rest to ex-
ercise was 15% (NS vs. patients with prior myocardial
infarction).
Eight of our 21 patients with coronary artery disease
had particularly severe lesions. usually associated with rel-
atively poor prognosis (2: 75% decrease of luminaldiameter
in the left main coronary artery, 2: 75% stenosis of the
proximal left anterior descending coronary artery or 2: 75%
stenosisof the proximal portions of all three major arteries).
In this subgroup, mean ejection fraction was 61% at rest
and 43% with exercise (change from rest to exercise
- 18%). In contrast, in the 13 patients with less severe
coronary artery disease (that is. lesions not including any
of those mentioned) the mean ejection fraction was 66% at
rest and 57% with exercise (change from rest to exercise
-9%, p < 0.001 vs. "severe" group,) (Fig. 2). Only one
of the patients with 75% or greater left main stenosis, prox-
imal left anterior descending stenosis, or 75% or greater
proximal triple vessel stenosis had evidence of myocardial
infarction; 6 of the 13 patients with less severe stenosis had
prior infarction. The small size of the group with infarction
precludes statistical analysis; however, if those patients with
infarction are excluded from the analysis, the mean change
in ejection fraction from rest to exercise in the group with
severe coronary artery disease was - 21%; the mean change
in ejection fraction in the group with less severe coronary
artery disease was - 8% (p < 0.005 vs. "severe" group).
Wall motion. All 21 patients with angiographicallydoc-
umented coronary artery disease manifested a new segmen-
tal wall motion abnormalityor a worsening of a preexisting
wall motion abnormality with exercise. In contrast. only
two (29%) of the seven patients with normal coronary ar-
teries (one with clinicallyevidentcardiomyopathy, the other
with hyperdynamic function [ejection fraction 86%] at rest)
demonstrated such inducible segmental dysfunction (p <
0.01).
Comparison of Contrast and
Radionuclide-Based Angiograms
Ejection fraction. The correlations between rest (r
0.78. p < 0.001) and exercise (r = 0.83. p < 0.001) left
ventricular ejection fractions as determined by radionuclide
angiography and digital angiography are shown in Figures
Figure 1. Change in left ventricular ejection fraction from rest to
exercise (EX) in patients with coronary artery disease (CAD) and
in patients with normal coronary arteries. Patients with prior in-
farction are depicted by open circles; patients without infarction
are depicted byclosed circles. NS = not significant; p = probability.
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Figure 3. Left ventricularejection fraction (EF) at rest as deter-
minedby intravenous digitalsubtraction angiography andby radio-
nuclide cineangiography (RNCA).
90
Discussion
Our data indicate that contrast left ventriculography can
be performed safely and can provide accurate results during
maximal exercise when the intravenous digital subtraction
technique is employed. The results of quantitative assess-
3 and 4, respectively. The correlation between the magni-
tude of the change in ejection fraction from rest to exercise
measured by the two techniques (r = 0.88; p < 0.001) is
shown in Figure 5. The direction of change in ejection
fraction from rest to exercise by both techniques invariably
was the same in any given patient.
Other exercise variables. Identical exercise protocols
were employed in both laboratories and, as a result, no
significant difference in exercise duration was noted be-
tween the two tests (mean exercise duration was 6.7 minutes
during radionuclide cineangiography and 4.2 minutes during
intravenous digital angiography, NS) though patients tended
to reach limiting symptoms earlier in the catheterization
laboratory. There were no statistically significant differences
in peak heart rate (radionuclide = 121 beats/min, digital
= 119, NS), peak systolic blood pressure (radionuclide =
168 mm Hg, digital = 158, NS), or peak rate-pressure
product (radionuclide == 20,328 beats mm Hg/min, digital
= 18,802, NS) achieved during maximal exercise when
results of studies with the two methods were compared. The
difference in any patient in peak systolic blood pressure
obtained with the two techniques was never more than 18%
and the difference in peak rate-pressure product was never
more than 12%.
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Figure 4. Left ventricular ejection fraction (EF) at maximal ex-
erciseas determined by intravenous digitalsubtraction angiography
and by radionuclide cineangiography (RNCA).
ments of our intravenous digital angiographic studies during
exercise correlated well with those of radionuclide cinean-
giography, currently the most commonly employed method.
Comparison with contrast cineangiography and radio-
nuclide angiography. The correlation with radionuclide-
based results was good both at rest and during exercise and
the correlation of values at rest was comparable with that
previously reported in comparisons of radionuclide angi-
ography and conventional contrast cineangiography (15) and
in comparisons of sequential radionuclide studies (16).
However, the strength of the correlation appears to be less
than that previously reported (12) in our comparison of
intravenous digital and conventional intraventricular left
ventricular cineangiography. In that study, in which both
digital and conventional methods were employed in 32 pa-
tients undergoing left ventriculography, the correlation coef-
ficient of ejection fraction obtained by both methods was
0.98. Given the inherent differences in spatial resolution
and method of analysis between radionuclide and contrast-
based methods, the apparently greater comparability of in-
travenous and intraventricular contrast studies than that of
intravenous contrast and radionuclide studies is not sur-
prising. However, in addition, potentially important differ-
ences existed between the two studies in that in the com-
parison of the intravenous and intraventricular contrast
angiography, the two methods were applied within minutes
of each other, while the present comparison involves studies
separated by days to months.
Accuracy in detecting change in ventricular function
with exercise. The exercise response of left ventricular
ejection fraction we measured with intravenous digital sub-
traction angiography was comparable with that previously
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Figure S. Change in left ventricular ejection fraction (~EF) from
rest to exercise as determined by both intravenous digital subtrac-
tion angiography and radionuclide cineangiography (RNCA).
described with radionuclide-based techniques. Thus , all of
our 21 patients with hemodynamically important coronary
artery disease demonstrated a decrease in ejection fraction
from rest to exercise, consistent with radionuclide cinean-
giographic results indicating a high proportion of such re-
sponses in patients with coronary artery disease (1-4.15).
Moreover. all 21 manifested new region s of dysfunction
with exerci se. We cannot, of course , infer from our results
that the sensitivity of intravenous digital angiography is
different from that of radionuclide cineangiography , and
certainly cannot expect in a large group that sensitivity would
approach 100%. The study we performed was oriented solely
demonstrating the feasibility of a contrast-based digital an-
giographic method during exercise. Because the results we
obtained correlated very well with those of radionuclide
angiography in the same patients, we can conclude that
intravenous digital contrast angiography indeed is feasible
and accurate during exercise . However, the precise fre-
quency of exercise-induced diminution of ejection fraction
in this series undoubtedly is largely a function of patient
selection in the small study group, which contained a high
proportion of patients with severe multivessel occlu sive
disease .
Similarl y, while the relatively high spatial resolution of
the digital subtraction technique may improve the sensitivity
of exercise ventriculography in detecting wall motion ab-
normalities as compared with the radionuclide-based ap-
proach, our study does not provide evidence relevant to this
issue. Moreover, perhaps a more cogent reason for the high
frequency of wall motion abnormalities seen in the present
study is that a high proportion of our patients had anatom-
ically severe coronary artery disease . Thus, while previous
investigators have found new exercise-induced . segmental
wall motion abnormalities in as few as 33% to as many as
100% of patients with coronary artery disease (1-3,15),
several groups have shown (17,18) that this variation may
be due , in part . to the fact that the likelihood of finding
exerci se-induced wall motion abnormalities increases as the
number of stenotic arteries increases. In our study, which
included 14 patients with left main or triple vessel stenosis,
4 patients with double vessel disease and only 2 patient s
with single vessel disea se (both in the left anterior descend-
ing artery ), the high frequency of exercise-induced wall
motion abnormalities is not surpri sing .
Our results in patients with normal coronary arteries
similarly are consistent with previous findings. In five of
our seven patients with normal coronary arteries, ejection
fraction increased to 5% or greater with exercise. One of
the remaining patients had left ventricular dysfunction at
rest with clinical history consi stent with a cardiomyopathy,
a condition known to be associated in some patients with
reduction of ejection fraction during exercise (19). The re-
maining patient had a markedly supernormal ejection frac-
tion at rest. Previous investigators (4) using radionuclide
cineangiography occas ionally have noted mild reductions in
ejection fraction during exerci se in some patients with mark-
edly supernormal ejection fraction at rest , even in the ab-
sence of coronary artery or other anatomically or function-
ally apparent heart disease. This could possibly be attributed
to the inaccuracy of relative volume determinations when
end-systolic volumes are very small.
The relation between the anatomic severity of coronary
stenoses and the magnitude of the response to exercise mea-
sured with intravenous digital angiography was comparable
with that found in our laboratory in a larger series of patient s
with coronary artery disease who underwent radionuclide
angiography (5,6) . Thus, patients with severe left main ,
proximal three vessel or proximal left anterior descending
coronary artery disease demon strated considerably more
marked decrease in ejection fraction from rest to exercise
than did those patients with less severe disease.
Role of previous myocardial infarction. The presence
of a prior myocardial infarction did not affect our ability to
perform exercise intravenous ventriculography, although we
and others ( II , 12) have noted that a decreased cardiac output
and subnormal ejection fraction may in some cases preclude
adequate visualization of the left ventricle. The change in
ejection fraction from rest to exercise was not statisticall y
different between patient s with and without prior infarction .
While some patients with previous infarction and single
vessel disease may have increased ejection fraction from
rest to exercise and fail to demon strate a new wall motion
abnormality (18), there were no patients with such anatomy
in our series. Lastly, the presence of prior infarction did not
appear to be responsible for the smaller change in ejection
fraction from rest to exercise in the subgroup without , as
opposed to the subgroup with, 75% or greater stenosis of
the left main, proximal left anterior descending or proximal
triple vessel stenosis. The difference between the two group s
continued to be statistically significant when all patients with
prior infarction were excluded from analysis.
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Advantages and disadvantages. When compared with
either first pass or equilibrium radionuclide angiography,
intravenous digital subtraction left ventriculography has both
advantages and disadvantages. Digital angiography pos-
sesses inherently greater spatial resolution than currently
available radionuclide-based techniques. In addition, the
digital subtraction technique readily permits determination
of left ventricular volumes, which is possible but may be
less reliable with radionuclide-based methods (21). How-
ever, the digital subtraction technique, as employed in this
study, requires placement of a central venous catheter, a
procedure that may meet with less patient acceptance than
the peripheral intravenous cannulation presently required for
radionuclide administration. Moreover, the use of up to 60
cc of radiopaque contrast medium during rest and exercise
digital angiographic studies is associated with a small risk
of renal dysfunction, hypotension and, occasionally, of a
discomforting transient sensation of intense warmth.
The applicability of intravenous digital angiography dur-
ing exercise provides an alternative means of obtaining a
functional assessment of the severity of ischemia in situa-
tions where radionuclide angiography may not be available
and, in addition, facilitates functional assessment of isch-
emia at the time of coronary arteriography. The latter
consideration permits a potentially important time-saving
convenience in patients who would undergo catheterization
irrespective of results of functional testing, in whom such
information can be of clinical value. Thus, in view of the
demonstrated utility of the preoperative assessment of left
ventricular function during exercise as a baseline for deter-
mining the functional adequacy of bypass grafting (22) and
the apparent value of such assessment in determination of
prognosis in the absence of surgical therapy (7), the avail-
ability of a means of assessing ventricular function during
exercise at catheterization might be expected to be of prac-
tical value.
In summary, we have shown that intravenous digital sub-
traction left ventriculography is applicable to studies per-
formed during maximal supine bicycle exercise and provides
information comparable with that available using radio-
nuclide cineangiography. Exercise intravenous digital sub-
traction angiography provides a high spatial resolution al-
ternative to radionuclide-based techniques.
We are grateful for the excellent technical assistance provided by Richard
Quiroz, BA, Salud DeJoya, Margaret Mermelstein, RN and Gina Dallagho,
BS.
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